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,QWHUGHSHQGHQF\0RGHOLQJRI6XSSO\&KDLQ5LVNVLQFRUSRUDWLQJ*DPH
7KHRUHWLF5LVNV
$EURRQ4D]L-RKQ4XLJOH\$OH['LFNVRQ
'HSDUWPHQWRI0DQDJHPHQW6FLHQFH8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ*4(8.
'HSDUWPHQWRI(FRQRPLFV8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ**(8.
^DEURRQTD]LMTXLJOH\DOH[GLFNVRQ`#VWUDWKDFXN
 
Abstract ± 0RVW RI WKH FXUUHQW ULVN TXDQWLILFDWLRQ WHFKQLTXHV EHLQJ DSSOLHG LQ WKH ILHOG RI
6XSSO\ &KDLQ 5LVN 0DQDJHPHQW FRQVLGHU ULVN IDFWRUV WR EH LQGHSHQGHQW 7KLV UHVHDUFK
FRQVLGHUV ULVNV DV LQWHUGHSHQGHQW WULJJHUV HYHQWV DQG FRQVHTXHQFHV :H SURSRVH D ULVN
TXDQWLILFDWLRQ IUDPHZRUN EDVHG RQ %D\HVLDQ EHOLHI QHWZRUN PRGHOLQJ WKDW LV DQ HIIHFWLYH
PHWKRG WR FDSWXUH WKH PHQWLRQHG LQWHUDFWLRQ EHWZHHQ YDULRXV ULVN IDFWRUV 7KH FRQIOLFWLQJ
LQFHQWLYHVDPRQJVWDNHKROGHUVLQDVXSSO\FKDLQFDQMHRSDUGL]HWKHVXFFHVVRIDSURMHFWDQG
WKHUHIRUH TXDQWLILFDWLRQ RI WKLV FDWHJRU\ RI ULVNV QDPHG DV µ*DPH WKHRUHWLF ULVNV¶ QHHGV
VSHFLDO FRQVLGHUDWLRQ:HKDYHDVVHVVHGJDPH WKHRUHWLF ULVNV LQ WKHGHYHORSPHQWSURMHFWRI
%RHLQJDLUFUDIW7KHJDPHWKHRUHWLFDQDO\VLVFDSWXUHVXQFHUWDLQW\RIWKH7LHUVXSSOLHUV
DERXWWKHFRVWIXQFWLRQVRIHDFKRWKHUDQGGHPRQVWUDWHVWKDWDQ\XQFHUWDLQW\RILQIRUPDWLRQLQ
D VXSSO\FKDLQFDQDGYHUVHO\DIIHFW WKH LQWHQGHGRXWFRPH)LQDOO\ZHKDYHGHVLJQHGD IDLU
VKDULQJ SDUWQHUVKLS IHDWXULQJ FRQWLQXRXV WLPH GRPDLQ DQG SUHVHQW YDOXH RI PRQH\ FRQFHSW
WKDWDOLJQVWKHFRQIOLFWLQJLQFHQWLYHV
 
Keywords±%D\HVLDQEHOLHIQHWZRUN*DPHWKHRUHWLFULVNVVXSSO\FKDLQULVNPDQDJHPHQW

, ,QWURGXFWLRQ
6XSSO\ FKDLQ ULVN PDQDJHPHQW 6&50 LV DQ DFWLYH DUHD RI UHVHDUFK *KDGJH HW DO
6RGKLHWDO7KHUHH[LVWVDUHVHDUFKJDSRIH[SORULQJH[LVWLQJULVNTXDQWLILFDWLRQ
WHFKQLTXHVIURPRWKHUILHOGVIRUDSSOLFDWLRQLQWKHUHDOPRI6&50.KDQDQG%XUQHV
0RVW RI WKH DSSOLHG WHFKQLTXHV DVVXPH ULVNV DV LQGHSHQGHQW ZKHUHDV YDULRXV ULVN IDFWRUV
LQWHUDFW DQG LQRUGHU WRPRGHO WKH UHDO WLPH ULVNV WKHPRGHOLQJ WHFKQLTXHPXVW FDSWXUH WKH
LQWHUGHSHQGHQF\%DGXUGHHQHWDO)XUWKHUPRUHDQXPEHURIUHFHQWOLWHUDWXUHUHYLHZV
FRQGXFWHGE\YDULRXV UHVHDUFKHUV HPSKDVL]H WKHQHHGRI FDSWXULQJ D KROLVWLF YLHZRI HQWLUH
VXSSO\QHWZRUNIRUPDQDJLQJVXSSO\FKDLQULVNV *KDGJHHWDO%HOODP\DQG%DVROH
&ROLFFKLDDQG6WUR]]L
7KHUHLVDUHVHDUFKJDSRIH[SORULQJVXSSO\FKDLQULVNVDVVRFLDWHGZLWKWKHGHYHORSPHQW
RIDQHZSURGXFW7KHGHYHORSPHQWSURMHFWRI%RHLQJDLUFUDIWKDVEHHQH[SORUHGWKURXJK
WKHOHQVRIVXSSO\FKDLQULVNPDQDJHPHQWEXWNHHSLQJLQYLHZWKHLPSRUWDQFHRIVXFKPDMRU
SURMHFWVIRUWKHPDQXIDFWXUHUWKHUHLVUHTXLUHPHQWRIGHYLVLQJDUREXVWTXDQWLWDWLYHWHFKQLTXH
WKDW FDQ KHOS PDQDJHUV YLVXDOL]H WKH KROLVWLF YLHZ RI WKH LQWHUDFWLQJ ULVN IDFWRUV IRU
LPSOHPHQWLQJHIIHFWLYHULVNPLWLJDWLRQVWUDWHJLHV
:HSURSRVHDPRGHOLQJIUDPHZRUNEDVHGRQWKHWHFKQLTXHRI%D\HVLDQEHOLHIQHWZRUNV
4D]L HW DO  %D\HVLDQ EHOLHI QHWZRUNV %%1V FDQ FDSWXUH WKH LQWHUGHSHQGHQF\
EHWZHHQ ULVN IDFWRUV 7KHVH DUH SUREDELOLVWLF JUDSKV WKDW FRQVLVW RI QRGHV DQG DUFV 1RGHV
UHSUHVHQWWKHYDULDEOHVDQGDQDUFFRQQHFWVWZRYDULDEOHVZKLOHWKHVWUHQJWKRIFRQQHFWLYLW\LV
H[SUHVVHGLQWHUPVRIFRQGLWLRQDOSUREDELOLWLHVVSHFLILHGIRUHDFKQRGHFKLOGWKDWLVGLUHFWO\
GHSHQGHQWRQ LWVSDUHQWQRGHV6LJXUGVVRQHWDO%%1VKDYHEHHQDSSOLHG LQ6&50
EXWPDLQO\IRFXVLQJRQVSHFLILFDUHDVOLNHVXSSOLHUVHOHFWLRQVLWHVHOHFWLRQULVNSURILOLQJHWF
/RFNDP\DQG0F&RUPDFN  /RFNDP\  'RJDQ DQG $\GLQ /RFNDP\DQG
0F&RUPDFN  'RJDQ  /RFNDP\  %DGXUGHHQ HW DO  2XU SURSRVHG
IUDPHZRUNFRQVLGHUVWKHDSSOLFDWLRQRIULVNTXDQWLILFDWLRQVFKHPHLQDKROLVWLFPDQQHU
*DPHWKHRU\LVWKHVWXG\RIVWUDWHJLFGHFLVLRQPDNLQJ*DPHWKHRU\FDQKHOSGHFLVLRQ
PDNHUV WDNH DSSURSULDWH GHFLVLRQV NHHSLQJ LQ YLHZ WKH FRQIOLFWLQJ LQFHQWLYHV DPRQJ
VWDNHKROGHUV LQD VXSSO\FKDLQ /XW]HW DO =KDRHW DO *DPH WKHRU\ LQYROYHV
PRGHOLQJ VLPXOWDQHRXVPRYH JDPHV DQG VHTXHQWLDOPRYH JDPHV *DPH WKHRU\ FDQ DVVHVV
ULVNVDVVRFLDWHGZLWKWKHXQFHUWDLQW\DERXWWKHLQIRUPDWLRQ
:H KDYH DQDO\]HG WKH GHYHORSPHQW SURMHFW RI %RHLQJ  WKURXJK WKH OHQV RI *DPH
WKHRU\7KHDQDO\VLVUHYHDOHGWKDWDQ\XQFHUWDLQW\DERXWWKHLQIRUPDWLRQLQDVXSSO\FKDLQFDQ
UHVXOW LQ DQ RXWFRPH GHWULPHQWDO WR WKH SURMHFW REMHFWLYH 7KH UHVHDUFK REMHFWLYHV DQG
PHWKRGRORJ\DUHGHVFULEHGLQ6HFWLRQ,,7KHSURSRVHGULVNTXDQWLILFDWLRQPRGHOLVSUHVHQWHG
LQVHFWLRQ,,,7KHFKDUDFWHULVWLFVRI%RHLQJ3URMHFWDUHGHVFULEHGLQVHFWLRQ,97KHJDPH
WKHRUHWLFDQDO\VLVLVSUHVHQWHGLQVHFWLRQ96HFWLRQ9,GHOLQHDWHVWKHIDLUVKDULQJSDUWQHUVKLS
PRGHOIROORZHGE\WKHFRQFOXVLRQGHVFULEHGLQVHFWLRQ9,,

,, 5HVHDUFK0HWKRGRORJ\
:HSURSRVHDK\EULGPHWKRGLQWHJUDWLQJWHFKQLTXHVRI%D\HVLDQ%HOLHI1HWZRUN%%1
DQG*DPH7KHRU\%%1VFDQFDSWXUHWKHLQWHUGHSHQGHQF\EHWZHHQULVNIDFWRUVZKLOH*DPH
WKHRU\ FDQ DVVHVV WKH FRQIOLFWLQJ LQFHQWLYHV DPRQJ VWDNHKROGHUV 7KH TXDQWLWDWLYH K\EULG
PHWKRG ZLOO EH DSSOLHG WR D FDVH VWXG\ FRQFHUQLQJ WKH GHYHORSPHQW RI D QHZ FRPPHUFLDO
DLUFUDIW 7KH SURSRVHG ULVN PDQDJHPHQW PRGHO ZLOO EH EHQHILFLDO WR SURMHFW PDQDJHUV
VXSSRUWLQJ D KROLVWLF YLHZ HQFRPSDVVLQJ LQWHUGHSHQGHQW ULVN IDFWRUV DQG WKHLU UHODWLRQVKLS
ZLWKDSSURSULDWHULVNPLWLJDWLRQVWUDWHJLHV7KHVXPPDU\RIUHVHDUFKTXHVWLRQVREMHFWLYHVDQG
PHWKRGVLVSUHVHQWHGLQ)LJ

Objectives 
)ROORZLQJDUHWKHREMHFWLYHVRIUHVHDUFKSURMHFW
x 7RGHYHORSD FRPSUHKHQVLYH ULVNPDQDJHPHQW IUDPHZRUNPRGHO IRU WKHGHYHORSPHQW
SURMHFWRIDQHZSURGXFWFRPPHUFLDODLUFUDIW
x 7RGHYHORSDPRGHOIRUEHQFKPDUNLQJVXSSOLHUULVNVLQDQDHURVSDFHLQGXVWU\EDVHGRQ
LQFRPSOHWHLQIRUPDWLRQ
x 7R GHYHORS PRGHOV IRU VHOHFWLQJ VXSSOLHUVVLWHV IRU DQ DHURVSDFH LQGXVWU\ EDVHG RQ
LQFRPSOHWHLQIRUPDWLRQ
x 7RGHYHORSDPRGHOFDSWXULQJULVNSURILOHVRIVXSSOLHUVLQDVXSSO\QHWZRUN
x 7R GHYHORS D VWUDWHJ\ IRU DOLJQLQJ FRQIOLFWLQJ LQFHQWLYHV RI 7LHU VXSSOLHUV LQ WKH
GHYHORSPHQWSURMHFWRIDQHZFRPPHUFLDODLUFUDIW

Problem Statement 
%DVHGRQWKHUHYLHZRIOLWHUDWXUHLQWKHILHOGRI6XSSO\FKDLQULVNPDQDJHPHQW6&50
LW LV UHYHDOHG WKDW WKHUH DUH UHVHDUFK JDSV QHFHVVLWDWLQJ DSSOLFDWLRQ RI H[LVWLQJ ULVN
TXDQWLILFDWLRQWHFKQLTXHVLQRWKHUILHOGVWRWKHILHOGRI6&50DQGH[SORUDWLRQRIVXSSO\FKDLQ
ULVNV LQYROYHG LQ WKH GHYHORSPHQW SURMHFW RI D QHZ SURGXFW FRPPHUFLDO DLUFUDIW 7KH
UHVHDUFK SURMHFW LV DLPHG DW EULGJLQJ WKH PHQWLRQHG UHVHDUFK JDSV E\ DGGUHVVLQJ IROORZLQJ
UHVHDUFKTXHVWLRQV
x :KDWDUHWKHULVNVLQYROYHGLQWKHGHYHORSPHQWSURMHFWRIDQHZKLWHFKDYLDWLRQSURGXFW
FRPPHUFLDODLUFUDIW"
x +RZ GR WKH PDQXIDFWXUHUV LQ DYLDWLRQ LQGXVWU\ PDQDJH VXSSO\ FKDLQ ULVNV DVVRFLDWHG
ZLWKVXFKFRPSOH[GHYHORSPHQWSURMHFWV"
x +RZGRWKHULVNGULYHUVHYHQWVDQGFRQVHTXHQFHVLQWHUDFWUHVXOWLQJLQDPSOLILFDWLRQRI
WKHLPSDFW"
x +RZGRZHGHYLVHDQHIIHFWLYHPRGHOIRUFDSWXULQJFRPSOH[LQWHUGHSHQGHQF\EHWZHHQ
ULVNIDFWRUV"
x :KDWDUH WKHFRQIOLFWLQJ LQFHQWLYHVRIVXSSO\FKDLQVWDNHKROGHUV LQVXFKDSURMHFWDQG
KRZGRWKHVHDIIHFWWKHSURMHFWREMHFWLYHV"
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)LJ5HVHDUFKTXHVWLRQVDQGREMHFWLYHV


 3URMHFW0DQDJHPHQW 
6XSSO\&KDLQ
0DQDJHPHQW

5LVN0DQDJHPHQW
5HVHDUFK
)RFXV
x :KDW DUH WKH ULVNV LQYROYHG LQ WKH GHYHORSPHQW
SURMHFW RI D KLWHFK DYLDWLRQ SURGXFW QHZ
FRPPHUFLDODLUFUDIW"
x +RZ GR WKH PDQXIDFWXUHUV LQ DYLDWLRQ LQGXVWU\
PDQDJH VXSSO\ FKDLQ ULVNV DVVRFLDWHG ZLWK VXFK
FRPSOH[GHYHORSPHQWSURMHFWV"
x +RZGRWKHULVNGULYHUVHYHQWVDQGFRQVHTXHQFHV
LQWHUDFWUHVXOWLQJLQDPSOLILFDWLRQRIWKHLPSDFW"
x +RZ GR ZH GHYLVH DQ HIIHFWLYH PRGHO IRU
FDSWXULQJ FRPSOH[ LQWHUGHSHQGHQF\ EHWZHHQ ULVN
IDFWRUV"
x :KDWDUHWKHFRQIOLFWLQJLQFHQWLYHVRIVXSSO\FKDLQ
VWDNHKROGHUV LQ VXFK D SURMHFW DQG KRZ GR WKHVH
DIIHFWWKHSURMHFWREMHFWLYHV"
x +RZ GR ZH GHYLVH D VWUDWHJ\ WKDW DOLJQV WKH
FRQIOLFWLQJLQFHQWLYHV"
x +RZ GR WKH DYLDWLRQ PDQXIDFWXULQJ FRPSDQLHV
VHOHFW WKHLU VXSSOLHUV DQG PRQLWRU WKHLU
SHUIRUPDQFH"
x 'HYHORSPHQWRIDFRPSUHKHQVLYHULVNPDQDJHPHQW
IUDPHZRUNPRGHO IRU D QHZ FRPPHUFLDO DLUFUDIW
GHYHORSPHQWSURMHFW
x 'HYHORSPHQWRIDPRGHOIRUEHQFKPDUNLQJVXSSOLHU
ULVNVEDVHGRQLQFRPSOHWHLQIRUPDWLRQ
x 'HYHORSPHQW RI PRGHOV IRU VHOHFWLRQ RI
VXSSOLHUVVLWHV LQ DQ DHURVSDFH LQGXVWU\ EDVHG RQ
LQFRPSOHWHLQIRUPDWLRQ
x 'HYHORSPHQWRIDPRGHOFDSWXULQJ ULVNSURILOHVRI
VXSSOLHUVLQDVXSSO\QHWZRUN
x 'HYHORSPHQWRID VWUDWHJ\ IRUDOLJQLQJFRQIOLFWLQJ
LQFHQWLYHV RI VXSSO\ FKDLQ VWDNHKROGHUV LQ WKH
FRQWH[WRIDQHZDLUFUDIWGHYHORSPHQWSURMHFW
%D
\HV
LDQ
%H
OLHI

1H
WZR
U N
5H
VHD
UFK
4X
HVW
LRQ
V
5H
VHD
UFK
2E
MHF
WLY
HV
0H
WKR
GV

*D
PH
7K
HRU
\

,QW
HUY
LHZ
V

&D
VH
6WX
GLH
V
1HZ&RPPHUFLDO$LUFUDIW'HYHORSPHQW3URMHFW
x +RZGRZHGHYLVHDVWUDWHJ\WKDWDOLJQVWKHFRQIOLFWLQJLQFHQWLYHV"
x +RZGRWKHDYLDWLRQPDQXIDFWXULQJFRPSDQLHVVHOHFW WKHLUVXSSOLHUVDQGPRQLWRU WKHLU
SHUIRUPDQFH"
 
Research Methods 
x 5HYLHZRIWKHOLWHUDWXUH6\VWHPDWLFUHYLHZ
x &DVHVWXGLHVLQDYLDWLRQLQGXVWU\
x ,QWHUYLHZVZLWKSURIHVVLRQDOVLQDHURVSDFHLQGXVWU\
x 6XUYH\V
x %D\HVLDQEHOLHIQHWZRUN
x *DPHWKHRU\

Research Outcome and Contribution  
7KH UHVHDUFK SURMHFW ZLOO UHVXOW LQ WKH GHYHORSPHQW RI ULVN PDQDJHPHQW PRGHOV IRU
TXDQWLILFDWLRQDQGPLWLJDWLRQRIVXSSO\FKDLQULVNV7KHUHVHDUFKZLOODGGUHVVWKHUHVHDUFKJDS
RI H[SORULQJ ULVN TXDQWLILFDWLRQ WHFKQLTXHV LQ RWKHU ILHOGV IRU DSSOLFDWLRQ LQ WKH GRPDLQ RI
VXSSO\ FKDLQ ULVN PDQDJHPHQW )XUWKHUPRUH WKH PDQDJHUV GHDOLQJ ZLWK WKH FRPSOH[LW\ RI
VXFKPDMRUSURMHFWVZLOOKDYHDFFHVVWRDEHWWHUULVNPDQDJHPHQWWRRO

,,, 5LVN4XDQWLILFDWLRQ0RGHO
:HFRQVLGHUWKHVLJQLILFDQFHRILQWHUDFWLQJULVNIDFWRUV7KHULVNVLQDVXSSO\FKDLQFDQ
EHFDWHJRUL]HGLQWRXSVWUHDPSURFHVVGRZQVWUHDPDQGH[WHUQDOULVNV8SVWUHDPULVNVUHODWHWR
WKH VXSSOLHUV SURFHVV ULVNV DUH DVVRFLDWHG ZLWK WKH PDQDJHPHQW DQG SURFHVVHV RI WKH IRFDO
PDQXIDFWXUHU ZKLOH GRZQVWUHDP ULVNV DUH OLQNHG ZLWK WKH FXVWRPHUV ([WHUQDO ULVNV DUH QRW
DVVRFLDWHGGLUHFWO\ZLWKWKHVXSSO\FKDLQEXWWKHVHFDQGLUHFWO\DIIHFWWKHHQWLUHVXSSO\FKDLQ
:HSUHVHQW D ULVNTXDQWLILFDWLRQ IUDPHZRUN WKDW FDSWXUHV WKH LQWHUGHSHQGHQF\EHWZHHQ ULVN
IDFWRUVDVVKRZQLQ)LJ(DFKULVNIDFWRUFDQEHVHJUHJDWHGLQWRFRUUHVSRQGLQJULVNWULJJHU
HYHQWDQGFRQVHTXHQFHWKDWLQWHUDFWZLWKLQDQGDFURVVWKHULVNFDWHJRULHVDQGPRGHOLQJVXFK
LQWHUGHSHQGHQF\UHSUHVHQWVDKROLVWLFYLHZRIULVNTXDQWLILFDWLRQ

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)LJ)UDPHZRUNFDSWXULQJLQWHUGHSHQGHQF\EHWZHHQULVNWULJJHUVHYHQWVDQGFRQVHTXHQFHV

,9 %RHLQJ3URMHFW
%RHLQJ KDG RXWVRXUFHG  SHUFHQW RI WKH GHYHORSPHQW DQG SURGXFWLRQ WDVNV LQ WKH
GHYHORSPHQWRI%RHLQJDLUFUDIW7DQJHWDO=KDR0RUHWKDQSHUFHQWRI
WKHIXVHODJHZDVSODQQHGWREHPDGHRIFRPSRVLWHPDWHULDO,QRUGHUWRPLWLJDWHWKHILQDQFLDO
ULVNV VWUDWHJLF SDUWQHUVKLS ZDV PDGH ZLWK 7LHU VXSSOLHUV WKDW PDQGDWHG SD\PHQWV EHLQJ
PDGHWRWKHVXSSOLHUVDIWHUWKHGHOLYHU\RIILUVWDLUFUDIW7KHXQFRQYHQWLRQDOVXSSO\FKDLQDQG
XQSURYHQWHFKQRORJ\UHVXOWHGLQPDMRUGHOD\RI WKHSURMHFWFDXVLQJKXJHILQDQFLDO ORVV7KH
%RHLQJPDQDJHPHQWKDGQRWSODQQHGIRUPDQDJLQJWKHLQWHUGHSHQGHQF\EHWZHHQULVNVDQGWKH
ORVVVKDULQJSDUWQHUVKLSLQFHQWLYL]HGVXSSOLHUVWRGHOD\WKHUHVSHFWLYHWDVNV











)LJ9DULDWLRQRIGLUHFWFRVWZLWKWDVNGXUDWLRQ
([WHUQDO5LVNV
5LVNHYHQWU5LVNHYHQW
7ULJJHUO7ULJJHU
7ULJJHUV
5LVNHYHQWQ
&RQVHTXHQFH[
7ULJJHUL
5LVNHYHQW
7ULJJHU
&RQVHTXHQFH
8SVWUHDP5LVNV
5LVNHYHQWS
&RQVHTXHQFH\
7ULJJHUM
5LVNHYHQW
7ULJJHU
&RQVHTXHQFH
3URFHVV5LVNV
5LVNHYHQWT
&RQVHTXHQFH]
7ULJJHUN
5LVNHYHQW
7ULJJHU
&RQVHTXHQFH
'RZQVWUHDP5LVNV
'LU
HFW
FR
VW
௜ܺ 7DVNGXUDWLRQԢݔ௜Ԣ
ܿ௜ ݏ௜
&RVWRI
H[SHGLWLQJ
6DYLQJIURP
GHOD\LQJ
݅ ൌ ൜݉ ሺܤ݋݁݅݊݃ሻݏ ሺܵݑ݌݌݈݅݁ݎሻ
7KH YDULDWLRQ RI GLUHFW FRVW ZLWK WKH WDVN GXUDWLRQ LV VKRZQ LQ )LJ  ZKLOH WKDW RI
LQGLUHFWFRVWZLWKWKHSURMHFWGXUDWLRQLVGHSLFWHGLQ)LJ,IDVXSSOLHUGHOD\VLWVWDVN'LW
FDQVDYH IURPWKHGLUHFWFRVWZKLOH WKHUHVXOWLQJSURMHFWGHOD\ LQFXUVSHQDOW\ WRHDFKRI WKH
VWDNHKROGHUV7KHUHIRUH ORQJHUWDVNGXUDWLRQLVDVVRFLDWHGZLWKVDYLQJVZKLOH ORQJHUSURMHFW
GXUDWLRQUHVXOWVLQDVVRFLDWHGSHQDOW\,QFDVHRIORVVVKDULQJSDUWQHUVKLSLIDVXSSOLHUGHOD\V
WKHWDVNDQGWKHRYHUDOOSURMHFWJHWVGHOD\HGHDFKVWDNHKROGHUEHDUVWKHSHQDOW\EHFDXVHRIWKH
GHOD\HYHQLIWKHUHVSHFWLYHWDVNZDVFRPSOHWHGLQWLPH.












)LJ9DULDWLRQRILQGLUHFWFRVWZLWKSURMHFWGXUDWLRQ

9 *DPH7KHRUHWLF$QDO\VLV
:HDQDO\]H WKHJDPHEHWZHHQ WZRVXSSOLHUV LQFRUSRUDWLQJ WKHXQFHUWDLQW\RIERWK WKH
VXSSOLHUV UHJDUGLQJ WKH W\SH RI RWKHU RQH LQ WHUPV RI WKH UHODWLYH IXQFWLRQV RI SHQDOW\ DQG
VDYLQJ%RWKWKHVXSSOLHUVDUHXQFHUWDLQDERXWWKHSD\RIIVRIHDFKRWKHU7\SHµ/¶LQGLFDWHV
WKHVXSSOLHUKDYLQJSHQDOW\JUHDWHU WKDQ WKHFRUUHVSRQGLQJVDYLQJZKLOH W\SHµ+¶ UHSUHVHQWV
WKH VXSSOLHU ZKRVH VDYLQJ LV JUHDWHU WKDQ WKH UHODWLYH SHQDOW\ DVVRFLDWHG ZLWK WKH GHOD\
6XSSOLHU  KDV D FRPPRQ EHOLHI UHSUHVHQWHG E\ p RI EHLQJ VXUH DERXW WKH W\SH µ/¶ RI
6XSSOLHUZKLOHWKH6XSSOLHUKDVDFRPPRQEHOLHIUHSUHVHQWHGE\qRIEHLQJVXUHDERXW
WKHW\SHµ/¶RI6XSSOLHU7KHJDPHLVVKRZQLQ)LJ
7KHH[SHFWHGSD\RIIVRIW\SHµ/¶DQGW\SHµ+¶RI6XSSOLHUDUHJLYHQLQ7DEOH,DQG
7DEOH,,UHVSHFWLYHO\(DFKFROXPQUHSUHVHQWVDFWLRQVRIHDFKW\SHRIWKH6XSSOLHUWKHILUVW
DFWLRQUHSUHVHQWLQJDFWLRQRIW\SHµ/¶RI6XSSOLHUIROORZHGE\WKDWRIW\SHµ+¶RI6XSSOLHU
)RUHDFKRIWKHFROXPQVWKHJUHDWHUYDOXHLVVHOHFWHGRXWRIWKHWZRDFWLRQVRI6XSSOLHU7KH
WULSOHRIDFWLRQVFRUUHVSRQGLQJWRHDFKJUHDWHUYDOXHLVFKHFNHGIRUFRQILUPLQJWKHEHVWDFWLRQ
ܺ௦ ൅ ܺ௠ 3URMHFWGXUDWLRQ
,QG
LUH
FWF
RVW

Ԣݔ௦ ൅ ݔ௠Ԣ
ݎ௜ ݌௜
5HZDUGRI
H[SHGLWLQJ
3HQDOW\IURP
GHOD\LQJ
IRUHDFKRIWKHWZRW\SHVRI6XSSOLHU7KHVDPHSURFHGXUHLVUHSHDWHGIRUHDFKRIWKHW\SHV
RI6XSSOLHUKDYLQJH[SHFWHGSD\RIIVWDEXODWHGLQ7DEOH,,,DQG7DEOH,9IRUW\SHVµ/¶DQG
µ+¶ UHVSHFWLYHO\ $IWHU FRQVLGHULQJ WKH UHVXOWV RI DOO WKH IRXU H[SHFWHG SD\RII WDEOHV LW LV
UHYHDOHGWKDW^''''DQG.'.'`DUHWKH%D\HVLDQ1DVKHTXLOLEULDRIWKLVJDPH
,Q D ORVVVKDULQJ SDUWQHUVKLS EHWZHHQ WZR VXSSOLHUV DQG 2ULJLQDO (TXLSPHQW
0DQXIDFWXUHU2(0ERWKWKHVXSSOLHUVZLOOHLWKHUGHOD\RUNHHSWKHLUWDVNVLQWLPHXQGHU
IROORZLQJFRQGLWLRQV
x %RWKWKHVXSSOLHUVEHLQJXQFHUWDLQDERXWWKHFRVWIXQFWLRQRIHDFKRWKHU
x 2(0FRPSOHWLQJLWVWDVNZLWKLQVWLSXODWHGWLPHIUDPH
 ݌ ൒ ݏଵሺݔଵሻ݌ଵሺݔ௦ ൅ ܺ௠ሻ Ƭ ݍ ൒ ݏଶሺݔଶሻ݌ଶሺݔ௦ ൅ ܺ௠ሻ ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻሽƬ ሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻሽ ܽݎ݁ ܤܽݕ݁ݏ ܰܽݏ݄ ܧݍݑ݈ܾ݅݅ݎ݅ܽ ݌ ൐ ݏଵሺݔଵሻ݌ଵሺݔ௦ ൅ ܺ௠ሻ Ƭ ݍ ൐ ݏଶሺݔଶሻ݌ଶሺݔ௦ ൅ ܺ௠ሻ ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻሽ݅ݏ ݌ܽݎ݁ݐ݋݋݌ݐ݈݅݉ܽ ݏ݋݈ݑݐ݅݋݊ 
2WKHUZLVHLQDOORWKHUFRQGLWLRQVሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻሽ݅ݏ ݐ݄݁ݑ݊݅ݍݑ݁ܤܽݕ݁ݏ ܰܽݏ݄ ܧݍݑ݈ܾ݅݅ݎ݅ݑ݉ 
7KH SUHYLRXV JDPH DVVXPHG WKDW %RHLQJ ZRXOG FRPSOHWH LWV WDVN LQ WLPH 1RZ ZH
LQFRUSRUDWHDSRVVLELOLW\RI%RHLQJH[SHGLWLQJLWVWDVN(EXWWKHUHLVDQXQFHUWDLQW\DVVRFLDWHG
ZLWK WKH SRVVLELOLW\ RI SURMHFW QRW JHWWLQJ FRPSOHWHG LQ WLPH 7KH FRPPRQ EHOLHI DERXW WKH
XQFHUWDLQW\ LV UHSUHVHQWHG E\ r DV HDFK RI WKH VXSSOLHUV ZLOO KDYH SULRU EHOLHI WKDW WKH SURMHFW
ZRXOGQRWEHFRPSOHWHGLQWLPHEHFDXVHRIGHOD\LQWKHILUVWSKDVHRISURMHFW7KH%D\HVLDQ1DVK
HTXLOLEULDRIWKLVJDPHDUHDJDLQ^.'.'`DQG^''''`
,QD ORVVVKDULQJSDUWQHUVKLSEHWZHHQ WZRVXSSOLHUVDQG2(0ERWK WKH VXSSOLHUVZLOO
HLWKHUGHOD\RUNHHSWKHLUWDVNVXQGHUIROORZLQJFRQGLWLRQV
x %RWKWKHVXSSOLHUVEHLQJXQFHUWDLQDERXWWKHFRVWIXQFWLRQRIHDFKRWKHU
x $QXQFHUWDLQW\DVVRFLDWHGZLWK WKHSRVVLELOLW\RI2(0H[SHGLWLQJ LWV WDVN WRFRYHUXS
WKHGHOD\FDXVHGE\VXSSOLHUV
 ݌ כ ݎ ൒ ݏଵሺݔଵሻ݌ଵሺݔ௦ ൅ ܺ௠ሻ Ƭ ݍ כ ݎ ൒ ݏଶሺݔଶሻ݌ଶሺݔ௦ ൅ ܺ௠ሻ ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻሽƬ ሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻሽ ܽݎ݁ ܤܽݕ݁ݏ ܰܽݏ݄ ܧݍݑ݈ܾ݅݅ݎ݅ܽ 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
ܭǡܦሻǡ ሺܭǡ ܦ
ܦǡ ܦሻǡ ሺܦǡ ܦ
݌ כ ݎ ൐ ݌ሻሽ݅ݏ ݌ܽݎ݁ݐ݋
2WKሻሽ݅ݏ ݐ݄݁ݑ݊
ݏଵሺݔଵሻଵሺݔ௦ ൅ ܺ௠ሻ݋݌ݐ݈݅݉ܽ ݏ݋
HUZLVHLQDO݅ݍݑ݁ܤܽݕ݁ݏ
Ƭ ݍ כ ݎ ൐ ݌݈ݑݐ݅݋݊
ORWKHUFRQGܰܽݏ݄ ܧݍݑ݅
ݏଶሺݔଶሻଶሺݔ௦ ൅ ܺ௠ሻ
LWLRQV݈ܾ݅ݎ݅ݑ݉

)LJ

*
DP
HE
HWZ
HHQ
WZ
RV
XS
SOL
HUV
ZL
WK
XQ
FHU
WDL
QW\
DE
RX
WWK
HF
RVW
IX
QFW
LRQ
VR
IHD
FK
RWK
HU



7$%/(,(;3(&7('3$<2))62)7<3(µ/¶2)6833/,(5
  6XSSOLHU
  .. .' '. ''
6X
SSO
LHU
 . 	? െሼ૚ െ ࢖ሽ࢖૚ሺ࢙࢞ ൅ ࢄ࢓ሻ െ݌݌ଵሺݔ௦ ൅ ܺ௠ሻ െ݌ଵሺݔ௦ ൅ ܺ௠ሻ
' െ݌ଵሺݔ௦ ൅ ܺ௠ሻ ൅ ݏଵሺݔଵሻ െ݌ଵሺݔ௦ ൅ ܺ௠ሻ ൅ ݏଵሺݔଵሻ െ݌ଵሺݔ௦ ൅ ܺ௠ሻ ൅ ݏଵሺݔଵሻ െ࢖૚ሺ࢙࢞ ൅ ࢄ࢓ሻ ൅ ࢙૚ሺ࢞૚ሻ


7$%/(,,(;3(&7('3$<2))62)7<3(µ+¶2)6833/,(5
  6XSSOLHU
  .. .' '. ''
6X
SSO
LHU
 . 	? െሼ	? െ ݌ሽ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ െ݌݌ҧଵሺݔ௦ ൅ ܺ௠ሻ െ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ
' ݏҧଵሺݔଵሻ െ ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ ݏҧଵሺݔଵሻ െ ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ  ݏҧଵሺݔଵሻ െ ݌ҧଵሺݔ௦ ൅ ܺ௠ሻ ࢙ത૚ሺ࢞૚ሻ െ ࢖ഥ૚ሺ࢙࢞ ൅ ࢄ࢓ሻ
 


7$%/(,,,(;3(&7('3$<2))62)7<3(µ/¶2)6833/,(5
6XSSOLHU
  .. .' '. ''
6X
SSO
LHU
 . 	? െሼ૚ െ ࢗሽ࢖૛ሺ࢙࢞ ൅ ࢄ࢓ሻ െݍ݌ଶሺݔ௦ ൅ ܺ௠ሻ െ݌ଶሺݔ௦ ൅ ܺ௠ሻ
' െ݌ଶሺݔ௦ ൅ ܺ௠ሻ ൅ ݏଶሺݔଶሻ െ݌ଶሺݔ௦ ൅ ܺ௠ሻ ൅ ݏଶሺݔଶሻ െ݌ଶሺݔ௦ ൅ ܺ௠ሻ ൅ ݏଶሺݔଶሻ െ࢖૛ሺ࢙࢞ ൅ ࢄ࢓ሻ ൅ ࢙૛ሺ࢞૛ሻ


7$%/(,9(;3(&7('3$<2))62)7<3(µ+¶2)6833/,(5
  6XSSOLHU
  .. .' '. ''
6X
SSO
LHU
 . 	? െሼ	? െ ݍሽ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ െݍ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ െ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ
' ݏҧଶሺݔଶሻ െ ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ ݏҧଶሺݔଶሻ െ ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ ݏҧଶሺݔଶሻ െ ݌ҧଶሺݔ௦ ൅ ܺ௠ሻ ࢙ത૛ሺ࢞૛ሻ െ ࢖ഥ૛ሺ࢙࢞ ൅ ࢄ࢓ሻ


A.   Theorem 
,Q FDVH RI D ORVVVKDULQJ SDUWQHUVKLS EHWZHHQ 2(0 DQG 7LHU VXSSOLHUV ZLWKLQ D
VXSSO\FKDLQWKH7LHUVXSSOLHUVZLOOHLWKHUGHOD\RUNHHSWKHLUWDVNVLQFDVHRIXQFHUWDLQW\
DERXWWKHFRVWIXQFWLRQVRIRQHDQRWKHUEXWWKHSRVVLELOLW\RIWLPHO\FRPSOHWLRQRISURMHFWLV
YHU\UDUHEHFDXVHRIWKHUHTXLUHPHQWRIPHHWLQJDYHU\VWURQJSUREDELOLVWLFFRQGLWLRQRQWKH
SDUWRIHDFKVXSSOLHU
 
Assumptions: 
x $OOWKH7LHU6XSSOLHUVSHUIRUPWKHLUWDVNVVLPXOWDQHRXVO\3KDVH,
x 7KH2(0XQGHUWDNHV LWV WDVNDIWHU WKHFRPSOHWLRQRIDOO WKH WDVNVRI7LHU6XSSOLHUV
3KDVH,,
x 7KHSURMHFWGXUDWLRQLVVXPPDWLRQRIWKHWZRSKDVHV

/HW ݎ UHSUHVHQW FRPPRQ EHOLHI RI WKH VXSSOLHUV DERXW WKH SRVVLELOLW\ RI 2(0 QRW
H[SHGLWLQJ LWV WDVN LQ RUGHU WR FRYHU XS WKH GHOD\ RI 3KDVH , /HW݌௜௝ UHSUHVHQW EHOLHI RI D
VXSSOLHU i DERXW WKH FRVW IXQFWLRQV RI RWKHU VXSSOLHU j EHLQJ RI WKH IRUP ƍ݌௝ሺݔ௦ ൅ ܺ௠ሻ ൐ݏ௝൫ݔ௝൯ƍZLWKpDQGsLQGLFDWLQJWKHSHQDOW\DQGVDYLQJFRVWIXQFWLRQVUHVSHFWLYHO\

Conditions: 
x ݂݅ 	? ݎ כ ݌௜௝ேିଵ௝ୀଵ ൒ ௦೔ሺ௫೔ሻ௣೔ሺ௫ೞା௑೘ሻ ݐݕ݌݁	?݋݂ݏݑ݌݌݈݅݁ݎ݅ݓ݈݈݅݇݁݁݌݅ݐݏ ݐܽݏ ݇ 
x ሼሺܭǡ ܦሻǡ ሺܭǡ ܦሻǡ ǥ ǡ ሺܭǡ ܦሻேሽƬሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻǡ ǥ ǡ ሺܦǡ ܦሻேሽ ܽݎ݁ ܤܽݕ݁ݏ ܰܽݏ݄݁ݍݑ݈ܾ݅݅ݎ݂݂݅ܽ݅ෑ ݎ כ ݌௜௝ேିଵ௝ୀଵ ൒ ݏ௜ሺݔ௜ሻ݌௜ሺݔ௦ ൅ ܺ௠ሻ ݂݋ݎ ݁ݒ݁ݎݕ ݐݕ݌݁ ܮ ݋݂ ݏݑ݌݌݈݅݁ݎ ݅  
x ܱݐ݄݁ݎݓ݅ݏ݁ǡ ݅݊݈݈ܽ ݋ݐ݄݁ݎܿܽݏ݁ݏǡ ሼሺܦǡ ܦሻǡ ሺܦǡ ܦሻǡ ǥ ǡ ሺܦǡ ܦሻேሽ݅ݏݐ݄݁ ݑ݊݅ݍݑ݁ ܰܽݏ݄ ݁ݍݑ݈ܾ݅݅ݎ݅ݑ݉ ݐ݄݁݌ݎ݋݆݁ܿݐݓ݈݈݅ ܾ݁݈݀݁ܽݕ݁݀ሺ݁ݒ݁݊ ݂݅ ݈݈ܽ ݐ݄݁ ݏݑ݌݌݈݅݁ݎݏ ܽݎ݁ ݋݂ ݐݕ݌݁ ܮሻ 

7KXV LQ D VXSSO\FKDLQXQFHUWDLQW\DERXW WKH LQIRUPDWLRQRIRWKHUSDUWQHUV UHVXOWV LQ
WKH ZRUVW VHOHFWLRQ RI DFWLRQV E\ HDFK RI WKH SDUWQHUV 7KH VDPH SKHQRPHQRQ FDQ EH EHVW
GHVFULEHG DV D EXOOZKLS HIIHFW 8QFHUWDLQW\ DERXW WKH LQIRUPDWLRQ LV D PDMRU ULVN ZLWKLQ D
VXSSO\FKDLQWKDWFDQUHVXOWLQWRPDMRUORVVHV 

9, )DLU6KDULQJ3DUWQHUVKLS
7KHJDPHWKHRUHWLFULVNVUHYHDOHGFRQIOLFWLQJLQFHQWLYHVDPRQJVWDNHKROGHUV7KHUHIRUH
WKHUHLVUHTXLUHPHQWRIGHVLJQLQJDIDLUVWUDWHJ\WKDWZRXOGOHDGWRUHGXFWLRQLQJDPHWKHRUHWLF
ULVNV 7KH GHWDLOV RI WKH IDLUVKDULQJ VWUDWHJ\ FDQ EH IRXQG LQ WKH ZRUNLQJ SDSHU ;X ;LQ
7KHPDLQSXUSRVHRIWKHIDLUVWUDWHJ\LVWRPDNHHDFKSOD\HUUHVSRQVLEOHIRURQH¶VRZQ
GHHGV,IWKHVXSSOLHUVSHUIRUPWKHLUWDVNVZLWKLQWKHVWLSXODWHGWLPHWKHQFRQVHTXHQFHVRIDQ\
GHOD\RQWKHSDUWRI%RHLQJZRXOGEHFRPSOHWHO\FRPSHQVDWHGE\WKH%RHLQJDQGLQFDVHRI
VXSSOLHUV KDYLQJ H[SHGLWHG WKHLU WDVNV %RHLQJ ZRXOG KDYH WR SD\ WKH UHZDUG WKDW GLG QRW
PDWHULDOL]H EHFDXVH RI LWV GHOD\ 6LPLODUO\ LI D VXSSOLHU LV LQYROYHG LQ WKH GHOD\ LW ZLOO EH
SURSRUWLRQDWHO\ SHQDOL]HG IRU LWV SDUW RI GHOD\ ,Q FDVH RI GHOD\ RQ WKH SDUW RI ERWK WKH
VXSSOLHUVDQG%RHLQJWKHSHQDOW\ZRXOGEHGLVWULEXWHGSURSRUWLRQDWHO\
:HKDYHPRGLILHGWKHPHQWLRQHGIDLUVWUDWHJ\WRLQFRUSRUDWHIHDWXUHVRISUHVHQWYDOXHRI
PRQH\DQGFRQWLQXRXVWLPHIUDPH%RHLQJ¶VDQGVXSSOLHUV¶SD\RIIIXQFWLRQVFRQVLGHULQJWKH
WLPHYDOXHRIPRQH\DUHWDEXODWHGLQ7DEOH9)ROORZLQJDUHWKHYDULRXVV\PEROVXVHGLQWKH
SD\RIIIXQFWLRQV
 ߙ௠ ൌ ܺ௠ െ ݔ௠ܺ௠ ൅ ܺ௦ െ ݔ௦ െ ݔ௠


ߚ௠ ൌ ݔ௠ െ ܺ௠ݔ௠ ൅ ݔ௦ െ ܺ௦ െ ܺ௠


෍ ߙ௝ ൌ 	 ?௝ୀ௦ǡ௠  ෍ ߚ௝ ൌ 	 ?௝ୀ௦ǡ௠  ݎ௦൫ݔ௝൯ ൌ෍ݎ௜൫ݔ௝൯ே௜ୀଵ ݂݋ݎ ݆ ൌ ݏǡ݉ ݌௦൫ݔ௝൯ ൌ෍݌௜൫ݔ௝൯ே௜ୀଵ ݂݋ݎ ݆ ൌ ݏǡ݉ ݎ൫ݔ௝൯ ൌ ݎ௦൫ݔ௝൯ ൅ ݎ௠൫ݔ௝൯ ݂݋ݎ ݆ ൌ ݏǡ݉ ݌൫ݔ௝൯ ൌ ݌௦൫ݔ௝൯ ൅ ݌௠൫ݔ௝൯ ݂݋ݎ ݆ ൌ ݏǡ݉ 
 ߙ௜ ൌ ߙ௦ܰݑܾ݉݁ݎ ݋݂ ݏݑ݌݌݈݅݁ݎݏ ሺܰሻ 
 ߛ௜ ൌ ݔ௜ െ ܺ௦ݔ௦ െ ܺ௦ 
 ߚ௜ ൌ ߛ௜	?ߛ௜ 

7$%/(93$<2)))81&7,216%$6('21)$,56+$5,1*3$51(56+,3
1RWHࢾLVWKHDQQXDOLQWHUHVWUDWHFRPSRXQGHGFRQWLQXRXVO\
6XSSOLHUV¶
7LPHOLQH
%RHLQJ¶V
5HVSRQVH %RHLQJ¶V3D\RII
ܧǣݔ௦ ൏ ܺ௦
ܧǣ ݔ௠ ൏ ܺ௠ ߙ௠ሼݎሺݔ௦ ൅ ݔ௠ሻሽ݁ିఋሺ௫ೞା௫೘ሻ െ ܿ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻܭǣ ݔ௠ ൌ ܺ௠ 	?
ܦǣݔ௠ ൐ ܺ௠ െሼݎሺݔ௦ ൅ ܺ௠ሻ െ ݎሺݔ௦ ൅ ݔ௠ሻሽ݁
ିఋሺ௫ೞା௫೘ሻ ൅ ݏ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻ ݂݅ ݔ௦ ൅ ݔ௠ ൑ ܺ௦ ൅ ܺ௠ሼെݎሺݔ௦ ൅ ܺ௠ሻ െ ݌ሺݔ௦ ൅ ݔ௠ሻሽ݁ିఋሺ௫ೞା௫೘ሻ ൅ ݏ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻ݂݅ ݔ௦ ൅ ݔ௠ ൐ ܺ௦ ൅ ܺ௠
ܭǣݔ௦ ൌ ܺ௦ ܧǣ ݔ௠ ൏ ܺ௠ ݎሺܺ௦ ൅ ݔ௠ሻ݁ିఋሺ௑ೞା௫೘ሻ െ ܿ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻܭǣ ݔ௠ ൌ ܺ௠ 	?ܦǣ ݔ௠ ൐ ܺ௠ െ݌ሺܺ௦ ൅ ݔ௠ሻ݁ିఋሺ௑ೞା௫೘ሻ ൅ ݏ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻ
ܦǣݔ௦ ൐ ܺ௦ ܧǣݔ௠ ൏ ܺ௠
ሼ݌ሺݔ௦ ൅ ܺெሻ ൅ ݎሺݔ௦ ൅ ݔ௠ሻሽ݁ିఋሺ௑ೞା௫೘ሻ െ ܿ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻ݂݅ ݔ௦ ൅ ݔ௠ ൏ ܺ௦ ൅ ܺ௠ሼ݌ሺݔ௦ ൅ ܺெሻ െ ݌ሺݔ௦ ൅ ݔ௠ሻሽ݁ିఋሺ௫ೞା௫೘ሻ െ ܿ௠ሺݔ௠ሻ݁ିఋሺ௫೘ሻ݂݅ ݔ௦ ൅ ݔ௠ ൒ ܺ௦ ൅ ܺ௠ܭǣ ݔ௠ ൌ ܺ௠ 	?ܦǣ ݔ௠ ൐ ܺ௠ െߚ௠ሼ݌ሺݔ௦ ൅ ݔ௠ሻሽ݁ିఋሺ௫ೞା௫೘ሻ ൅ ݏሺݔ௠ሻ݁ିఋሺ௫೘ሻ
6XSSOLHUV¶
7LPHOLQH 6XSSOLHU࢏ 3D\RIIRI6XSSOLHU࢏
ܧǣݔ௦ ൏ ܺ௦ ܧǣݔ௜ ൏ ܺ௦
ߙ௜ݎሺݔ௦ ൅ ݔ௠ሻ݁ିఋሺ௫ೞା௫೘ሻ െ ܿ௜ሺݔ௜ሻ݁ିఋሺ௫೔ሻ݂݅ ݔ௦ ൅ ݔ௠ ൑ ܺ௦ ൅ ܺ௠	?ܰሼݎሺݔ௦ ൅ ܺ௠ሻሽ݁ିఋሺ௫ೞା௫೘ሻ െ ܿ௜ሺݔ௜ሻ݁ିఋሺ௫೔ሻ݂݅ ݔ௦ ൅ ݔ௠ ൐ ܺ௦ ൅ ܺ௠ܭǣݔ௦ ൌ ܺ௦ ܧǣ ݔ௜ ൏ ܺ௦ െܿ௜ሺݔ௜ሻ݁ିఋሺ௫೔ሻܭǣ ݔ௜ ൌ ܺ௦ 	?
ܦǣݔ௦ ൐ ܺ௦
ܧǣ ݔ௜ ൏ ܺ௦ െܿ௜ሺݔ௜ሻ݁ିఋሺ௫೔ሻܭǣ ݔ௜ ൌ ܺ௦ 	?
ܦǣݔ௜ ൐ ܺ௦
െߚ௜݌ሺݔ௦ ൅ ܺ௠ሻ݁ିఋሺ௫ೞା௫೘ሻ ൅ ݏሺݔ௜ሻ݁ିఋሺ௫೔ሻ݂݅ ݔ௦ ൅ ݔ௠ ൏ ܺ௦ ൅ ܺ௠െߚ௜ߚ௦݌ሺݔ௦ ൅ ݔ௠ሻ݁ିఋሺ௫ೞା௫೘ሻ ൅ ݏሺݔ௜ሻ݁ିఋሺ௫೔ሻ݂݅ ݔ௦ ൅ ݔ௠ ൒ ܺ௦ ൅ ܺ௠ ܽ݊݀ݔ௠ ൐ ܺ௠െߚ௜ሾሼ݌ሺݔ௦ ൅ ݔ௠ሻሽ െ ሼ݌ሺݔ௦ ൅ ܺெሻ െ ݌ሺݔ௦ ൅ ݔ௠ሻሽሿ݁ିఋሺ௫ೞା௫೘ሻ൅ ݏሺݔ௜ሻ݁ିఋሺ௫೔ሻ݂݅ ݔ௦ ൅ ݔ௠ ൒ ܺ௦ ൅ ܺ௠ ܽ݊݀ݔ௠ ൑ ܺ௠


9,, &RQFOXVLRQ
6HJUHJDWLRQRIULVNVLQWRWULJJHUVHYHQWVDQGFRQVHTXHQFHVKHOSVPRGHOLQJVXSSO\FKDLQ
ULVNV DV LQWHUGHSHQGHQW IDFWRUV 2XU SURSRVHG IUDPHZRUN FDSWXUHV WKH LQWHUGHSHQGHQF\
EHWZHHQ GRZQVWUHDP XSVWUHDP SURFHVV DQG H[WHUQDO ULVN IDFWRUV 5LVNV DVVRFLDWHG ZLWK
FRQIOLFWLQJLQFHQWLYHVRIVWDNHKROGHUVFDQSRVHDVHULRXVWKUHDWWRWKHVXFFHVVRIDSURMHFW2XU
DQDO\VLV RI WKH VWUDWHJLF SDUWQHUVKLS EHWZHHQ %RHLQJ DQG 7LHU VXSSOLHUV LQYROYHG LQ WKH
GHYHORSPHQW SURMHFW RI %RHLQJ  DLUFUDIW UHYHDOHG WKDW DQ\ XQFHUWDLQW\ DERXW WKH
LQIRUPDWLRQ FDQ OHDG WR GRPLQDQW JDPH WKHRUHWLF ULVNV DIIHFWLQJ WKH SURMHFW RXWFRPH 2XU
SURSRVHG FRQWLQXRXV WLPHIUDPH EDVHG IDLUVKDULQJ SDUWQHUVKLS FDQ KHOS DOLJQLQJ FRQIOLFWLQJ
LQFHQWLYHVDPRQJVWDNHKROGHUV LQVXFKDSDUWQHUVKLS0RGHOLQJRI LQWHUGHSHQGHQF\EHWZHHQ
VXSSO\ FKDLQ ULVNV LQFRUSRUDWLQJ JDPH WKHRUHWLF ULVNV LV D PDMRU VWHS WRZDUGV EULGJLQJ WKH
UHVHDUFKJDS
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